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REDUCED COHERErJCE SYMMETRIC GRAZING INCIDENCE 
DIFFERENTIAL I NTERFEROMETER 

5 This application is a continuation in part of 

United States Patent Appl icat i on 09/555, 67 3, entitled 
"Met nod and Apparatus f:>r Scanning, Stitching, and 
n=,m p:r: ?, Mcocarcmcn ._..=> l> Z a Louoie-bided Inspection 
Tool" tiled on June 18, 1999, the entirety of which is 
10 hereby incorporated by reference. 



BACKGROUN D OF THE INVENT I ON 
Fi_e ld__ o f the Invent:. on 

The present invention relates generally to the 
15 field of optical imaging and more particularly :.o 
systems for sub-aperture data Imaging of double sided 
mterf eromet ric specimens, such as semiconduct ■: r 
w a f e r s . 

Peso rip nor; of the Re la te c _Art 

20 The progress c f the semiconductor industry over 

the last years has resulted in a sharp- increase in the 
diameters if semiconductor wafers as base material for 
chip production for eeonomi c and o recess t echn I 1 
r e asons . Waf e r s h a v i n a di ame ~ ^ r s ^ f 2 ° -::r i : ~ ~ 

2 5 millimeters are surreal ly processed as a mailer of 
course . 

At oiespnt manufacturers and or nessors of w : ; - a s 
O i- °0'i a^d ^ n n — > . . ; : 
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As scanning of specimens nas imp rc>ved to the sub- 
aperture range, the time required t o perform full 
specimen inspection for a duai-sided specimen has also 
inc reased . Various inspect ion approaches have been 
5 employed, such as performing an inspection of one side 
of the specimen, inverting the specimen, and then 
in^n-pOn^ ether oiuc u.^re jo Ouch a system 

requires mechanically handling the specimen, which is 
undesirable. Further, the act of inspecting rh^ 

10 specimen has generally required binding the specimen, 
which can cause deformation at the edges of the 
specimen, increase defects at the edge, or cause 
bending of the specimen during inspection. 

One method for inspecting both sides of a dual 

15 sided specimen is disclosed in FCT Application 
?CT/EP/033bl to Dieter Mueller and currently assigned 
to the p:LA-Tencor Corporation, the assignee of the 
current appi i ra t i :>n . Tne system diselosed therein, 
uses a phase shifting 1 nter f eromet r i c design which 

20 facilitates the simultaneous topography measurement of 
both sides cf a specimen, such as a semiconductor 
waier, as well as the thickness variation of tne 

; n ■ - ; i--ve^ - cjtj: design is illustrated in rlG. 

25 1A. Che system of FIG. 1A uses a col Undated laser 

light so»uroe 101 alonq with .a lens arrangement 102 to 

cause graoing of light energy off the surface cf both 
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The design of Flo. 1A is highly useful in 
performing topographical me asur erne n f s f o r both si d o s 
of a dua L- sided specimen in a single measurement 



5 system requires minimum specimen movement during 
measurement, which can be difficult due to vibration 
in the ^uiiuuiiuuig area ana vibration of the specimen 
itself. Further, the inspection can be time consuming 
and requires highly precise 1 iqht ene^cy application 

10 and tensing, which is expensive. The specimen must be 
free standing and free of edge forces, and the 
incidence geometry during inspection must be 
unimpeded. Illumination access must be preserved under 
all incidence angles. These factors provide 

15 mechanical '.challenges for successfully supporting the 
specimen; excessive application of force at a minimum 
number of points may deform the specimen, while; 
numerous contact points impede access and require 
exact positioning to avoic specimen deformation or 

20 bending during inspection. Further, edge support <:: : 
the specimen has a tendency to cause ~ no specimen ~o 
act like a membrane and induce vibration due to slight 
acoust ic or seismic cisooro u'.ees . This membrane 

' :. ;y .o,muih-u with one otner problems noted above 

25 have generally been addressed by including most 
components of the system within an enclosure that 
minimizes ambient violations, which adds significant 



but suffers from; some drawbacks. 



First, tne 



along the emitted laser beam over which the laser 
light has sufficient coherer.ee to produce visible 
interference fringes. Coherence length is important, 
when a laser beam is split and re combined to form an 
interference pattern, as in the system presentee in 

f:i;. :a. 

In general, when ci idser oeam is split, the 
optical path difference is the difference in length 
between the two paths before recombini rig . If the 
optical path difference is less than the longitudinal, 
spatial coherence length of the light beam, 
interference fringes are formed at the receiving 
element, or screen. If the optical path difference is 
greater than the longitudinal spatial coherence 
length, no interference fringes form. Thus it is 
desirable; to have a small spatial coherence len:jth to 
minimize the- size of the components involved. 

Tne system of FIG'-. 1A provides a high, spatial 
coherence between the reference wave fronts and tne 
specimen wave fronts. Such a system makes the overall 
measurement system highly sensitive to background 
noise along the' optical patn. Tne noise creates a 
diffraction pattern on + ,;p . : tne measurement signal 
"coi hue degrades t he or ; n.: jutainea or the sur races. 
In particular, the background signal tends to be 
unstable arid can be difficult to correct using 
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application. Full aperture decoll imat ing optics, 

including precision lenses, grating;-:-, and 

beamsplitters used in a configuration for performing 
full inspection of a 300 millimeter specimen are 
extremely expensive, generally costing orders of: 
magnitude more than optica]. components half tne 



Further, the system disclosed in FIG. 1A requires 
a high spatial coherence between the ref er^nc*-- wave 

10 fronts and the specimen wave fronts, making tne system 
sensitive to background noise along the optical path. 
Noise creates a diffraction pattern that increases the 
measurement signal in a random fashion. The result 
unstable and compensation for the combined effect is 

15 extremely difficult. 

It is an object of the current system t- ■ provioe 
a system having a relatively small spatial coherence 
leng:h to minimize system sensitivity to b : ick ground 
noise along the 'Optical path and permit: use of 

20 reasonably sized enclosure components. 

It is another object of the current inv-.ntion to 
provide a system for performing a single measurement 
^ 1 y c I c. i n s p e c t i ::.: n c : c-. o a I - si. d e o s p e c i m e : . n a v i : . g 
: : ,v • : o : ns up to , ; no gre-oi^r r : . < u i ouU millimeters. 

25 It is a further 'Object of the present invention 

to provide a system for inspection of dja 1-sided 
specimens without requiring an exoessive number of 
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for the specimen to behave as a membrane and minimize 
any acoustic and/or seismic vibrations associated with 
the inspection apparatus and process. 

It is still a further object of the present 
invention to accomplish all of the aforesaid 
objectives at a relatively low cost, particularly in 
:; :m:ct i jji wnii i_he coiiimatinq and deooll ima t ing 
optics and any enclosures required to minimize 
acoustic and seismic vibrations. 

SUMMARY OF TH E_IJ JV ENTION 

The present invention is a system for inspecting 
a wafer, including inspecting both sides of a dual 
sided wafer :r specimen. The wafer is mounted using a 
fixed three point mounting arrangement that holds the 
wafer at a relatively fixed position while 
simultaneously minimizing bending and stress. Light 
energy is transmitted through a lens arrangement 
employing lenses having diameter smaller than the 
specimen, such as half the size of the specimen, 
arranged to cause light energy to strike the surface 
oi the wafer and subsequently pass through secorio 
col 1 irrat inq "ens where detection and observation ic 
pc r 1 o rmeo . 

The inventive system includes a variable 
coherence light source that transmits light energy 
tnrouah a collimator, which solits the liaht enerav 
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surface, while the other two are directed toward f 1 -a t. 
reflective surfaces faring the wafer surfaces. 
Another diffraction grating is positioned to receive 
tne four first: order beams and combine said beams into 
5 two separate cnannels, each of whi-^h are directed to a 
separate camera. rlach camera is specially designed to 
receive signal provided dud resolve the image of 

tne wafer surface. 



10 at. least one light source mounted proximate and 
substantially parallel to a flat in the arrangement 
previously described. The purpose of this optional 
source- is to provide a cataciioptric inspect ic-n of the 



15 laser, passes through a beamsplitter, through a 
collimator, through trie flat and strikes the wafer 
surface. The light beam then reflects off the wafer 
surface, passes thriugh the tlat, through the 
collimator, is deflected by the beamsplitter, arid is 

20 received by a camera element or other sensing device. 

The system optionally employs a calibration 
object for distortion calibration needed to match the 
front side rind back side inrMnos ( i. the wafer to 
deterni :c° rh-^ 1 hi :"cooc vuriuti wh one water . 

25 The system preferably includes at least one 

damping bar, where the number of damping bars depends 
on the wafer repositioning arrangement. The effect of 



In an alternate arrangement, the system includes 



surface . 



The light source, 



such as a he li urn- neo 



n 
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to be damped. The proximity between any damping bar 
and the surface of the wafer is preferably less than 
. :> millimeters, and spacing of .25 ana .32 may be 
successfully employe d . Sma 1 ler g ips provide problems 
5 when warped specimens are inspected. One embodiment 
of the current, invention employs a damping bar t :> 
■::vcl oii^Iiuiy less man nail of the specimen when in 
scanning position . 

Mount mq for the wafer uses a three point 

10 kinematic mount. The mounting points include clips 
having spherical or semi-spherical tangent ial 1 y 
mounted contacts, mounted to a support plate and 
arranged to be substantially coplariar, where the clips 
are adjustable to provide for slight irregularities in 

15 the shape or the wafer. The adjustability -of the 
contact points provide the ability to hold the wafer 
without a stiff or hard connection, which could cause: 
bending or deformation, as well as without a loose or 
ir.se c u i e c o nnect i on, w n 1 oh • could cause in a c curat e 

2 0 measurements . 

A wafer or specimen to be measured is hell on a 
h o i d i h .: d e v i c e s u o h t n a r bo t h z 1 a n e surra c e s a r e 
arranged it vertical d:re:t: z. ratal lol t;> the .light 
; • -.to To Th:, w\: ; • : is supported suost ant lal Ly at its 

25 vertical edge so that both surfaces are net 
substantially contacted by the support post and are 
freely accessible to the inter ferometric measurement. 



d i n t o t 
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arrangement. The system first performs an inspection 
of one portion of the specimen, ana the translation 
stage and wafer are repositioned or translated such as 
by driving the translating stage so that another 
portion of the wafer is within the imaging path. Tne 
other portion of the wafer is then imaged, and both 
l.wu ^ idea images ot the wafer are "stitched" together. 
Optionally, more than two scans may be performed and 
stitched together. The number of srans relates t :. tni 
size of the wafer and the collimators and cameras 
used. Smaller components tend to be less costly, and 
thus while performing more than one scan may introduce 
stitching errors and require additional time to 
perform a scan of the entire surface, such a system 
may oe significantly less expensive. 

Other means for presenting the remaining portion 
of wafer or specimen may be employed, such as rotating 
the wafer mechanically or manually, or keeping the 
wafer: fixed and moving the optics and imaging 
components. Alternately, scanning may be performed 
using multiple two-sided inspections of the modulo, 
such as three, four, or five or more soars - f 
approximate Or: res, quarters, or fifths, and so :or*n 
of the speoimen. While multiple scans reguire 

additional time and thus suffer from increased 
throughput, such an implementation could provide- for 
use of smaller optics, thereby savina overall system 
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each scan to provide fir a comparison between scans 
and the ability t :> "stitth" the two <--cans together. 

Scanning an:i stitching involves determining the 
piston and tilt of the specimen during each scan, 
5 adjusting each scan for the piston and tilt of said 
scan, and possibly performing an additional stitching 



but are not limited to, curve fitting the points 
between the overlapping portions of trie two scans 

10 usinj a curve fitting process, replacing overlapping 
pixels with the average of both data sets, :r 
weighting the averaging in the overlapping region to 
remove edge transitions by using a trapezoidal 
function, half cosine function, or other similar 

1 5 muthemat i cal f unit i in . 5r*c kgroun :1 references a r e 

preferably subtracted to improve the stitching result. 
If significant matching between the scans is 
unnecessary, such as in the :.ase of investigating fcr 
relatively large defects, simply correcting for tilt 

20 and piston may provide an acceptable result. However, 
in most circumstances, some type of curve fitti rg or 
soar, matching is preferred, i: nit entirely necessary. 



P '"es- -'to cricohr wii._ become apparent to those 
25 skilled m the art from the fallowing detailed 
description of the invention and the accompanying 
drawings . 



so it cning procedures include, 
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15 



20 



specimen is oriented in a substantially "vertical" 
d r ient at ion ; 

FIG. IB is a preferred embodiment of the current 
invent i :>n ; 

FIG. 1C illustrates a holding arrangement for use 
in the current invention, including a damping bar and 
■ Hii al si id loo;lin d diid:.yement:; 

FIG. ID is a conceptual illustration of the 
anamorphic imaging system used in the system disclosed 
here i n ; 

FIG. IE shows a single channel camera system 
setup employed in the current system, including the 
optical components between the specimen or wafer and 
the CCD; 

FIG. 2 presents the operation of mounting points 
for the wafer or specimen; 

FIG. 3 illustrates a measurement nodule for use 
in connection with translating the wafer and 
performing multiple scans in the presence of multiple 
damping bars ; 

FIG. 4A shows the first position of the w^fer or 
specimen relative to a ddnpir-g bar when a rotational, 
scann i n j and sf i + chinq procedure ; s per : , rmed ,,n 



FIG. 43 is the second position of the wafer or 
specimen relative to a damping bar when a rotational 
scanning and stitching procedure is performed on the 




e y D o c -^^^ 



81208 246293 



FIG. 5B is the second position of the wafer or 
specimen relative to a damping bar arrangement when 3 
translational scanning and stitching proceiiure is 
performed on the other approximately half of the wafer 
5 surface; 

FIG. 6 represents an algorithm for performing the 
c " ?nn i r: g and st-LL^iiinq according t;o the present 
i revert bon ; 

FIG. 7 presents a conceptual schematic 
10 representation of the components and optics necessary 
to perform the invent], ve deal sided imaging of a 
semi c o n d u c tor wafer; a n cl 

FIG. 3 is a top view of the components and optics 
showing the path of light energy. 

15 I'ETAI LEG DESCRIPTION OF THE INVENTION 

FIG. IB illustrates the reduced coherence 
inspection device of the current invention. According 
to FIG. IE, a variable coherence light source 151 is 
employed. The variable coherence light source 151 may 

20 be, for- example, a helium-neon laser, but generally 
any type of variable coherence ight providing 
set f icient i 1 lum i nation character 1st i cs for the 
apoa r at u e. and method oescr .bed herein \ s ; • . • . 

The variable coherence light source transmits light 

25 energy to collimator or cob imating lens 152, which 
dire c t s the 1 r a hi t. t. o first :i i f f r a c t .i o n o r a 1 1 n g 1 5 3 . 
The co ] 1 i m a *~ v " r ' 1 -p — -v. - * >- : < ■ • ■ ■ ■ 
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energy is directed toward the specimen and a pair of 
11 =it reflecting surfaces lb4 and 155, where the i la: 
reflecting surfaces may nave either opaque 
cri^r^oter istics, such as a standard mirror surface, or 
5 oe semi transparent, i.e. transparent through one side 
arid t^Oo reflective on the other. The dotted lines 
: ' opi^-o^i L ii .g Jih waverorm illustrated in FIG. 1 
represent tne higher order, such as first order, 
compo>nerits of the light enerqv passing th^oi-.qh the 

10 diffraction grating 153. The use of a zero order 
blocking surface (not shewn) may be included in the 
system to prevent passage of the zero order component 
■of the light energy emanating from the diffraction 
grating 153. The blocking surface may be any type of 

15 opaque surface, such as a light absorbing surface, 
dimensioned to prevent passage of zero* order light 
components and permit those higher order component: s 
illustrated in FIG. 13 to reflect in the manner 
i 1 lust r a tea . Al ternat ivel y , a diffract i on grating 

20 optimized for zero intensity of its zero order coon be 
employed, negating the neeo for meonani.cal screens. 

Light energy from each ot the two :h annel o 

:c::l-coo a:. I a respective rial ii-4 or lob. Light is 

2b thereby deflected toward the second diffraction 

grating lb6, which oombines the reflected energy 

received from trie fiat 154 or ibb and tne specimen 
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decol 1 ima te the light energy received from the se;:ond 
di f f ract ion grating 156 . 

In the system illustrated in FIG. IB, reference 
surfaces and specimen surfaces arc- positioned sucn 
tnat the reference wave fronts and specimen wave 
fronts travel the same path length. Phase shifting 
;"u.^ L<r r.;bLdL)Iisnea oy moving the reference surfaces, 
the diffraction gratings, or the light source. Thus 
tne overall effect of the system illustrated in FIG. 
IB is to decrease the spatial coherence between the 
reference wave fronts and the specimen wave fronts. 

As shown in FIG. IB, an optional inter ferometric 
normal, incidence inspection device may be employed in 
the system described above, including a light emitting 
device, such as a laser 171, a beam splitter 172, and 
a collimator 173. The flat 155 serves as a reference 
surface. Light emitted from the light emitting device 
passes throuoh the beam splitter towara tne 
collimator, winch cellmates tne light beam arid passes- 
it through the, in this case, serr.i Transparent, flat 
155 and toward the specimen 111. Light then ^effects 
from the surface of the specimen 111 and from the 
co 1 o : ' ' • • s u r 1 a ■ : e ; t t n t. . a t 1 : u , z u c in :i t r i e 
u • ,. : , through tiie ij.uc lob, through the collimator 
173, and toward the beam splitter 172. Tne beam 
splitter 172 directs the reflected beam to 
suoDlementa 1 collimator 17 4 and to a camera 
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arrangement may also be employed on the other side or 
specimen 111, providing yet turtner optical 
information of the specimen surface. 

The camera system 159 comprises camera 
5 arr-inqe.nent 159A and camera arrangement 1593. The 
camera system or anamorphic imaging system has an 
accost laliu u! un ine oraer of 2:1. ]n essence, the 
wafer in the configuration illustrated optically 
appears as a tilted object, and in the arrangement 

10 shown has an elliptical projection ratio of 
approximately 6:1. The camera system used should 
preferably resolve this elliptical prDjection ratio 
into an image having an aspect ratio closer to 1:1. 
Maintaining the aspect ratio of 6:1 can prevent 

15 detection of relatively significant magnitude. 

The overall configuration of the anamorphic 
imaging system used in the system disclosed herein is 
sh:>vn in DIG. ID. From FIG. If), the projection of the 
image has an elliptical aspect rati:* of 6:1. The 

20 anamorphic imaging system 166 receives the elliptical 
image 167 and conveys the image to a viewing location,, 
sucn as a CCD (Charged Coupled Device) such that the 
received image 168 has an aspect ra + v- of D:l. This 
: o ~ crevices tn^ maximum utilization of 3 square 

25 image when imaging each of the wafer stitching 
regions . Di f f erent anamorphic imaging arrangements 
may be employed while still within the siope cf the 
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A simplified drawing of the system from the wafer 
ti the camera arrangement 153 is presented in FIG. IF. 
FIG. IF is not t: scale and represents a single 
snannel of inspection rather than a (dual channel arid 
deal camera arrangement. Frim FIG. IF, wafer -_»r 
specimen 111 reflects the light energy toward secjrc 
d i ci'... l ion g : ri t. i rig itb, which pnsses light to 
collimator 173, comprising decollimat ing lenses 17 : '.A 
and 17 3B, and to a camera arrangement 1S)A. Gamer a 
arrangement 15':' A ocmprises seven imaging lenses used 
to resolve the 6:1 i mace received into a 2:1 image for 
transmission to CCD 160. Any lensing arrangement 
capable of producing this function is acceptable, and 
the camera arrangement 159A is therefore not limited 
to that illustrated in FIG. IF. 

An additional feature of the current system is 
the use of a calibration obiect for distortion 
calibration. In the system illustrated, a calibration 
object 175 (not shown) is used in place of wafer or 
specimen 111. The use of a calibration object 

provides a kn:wn reference which enables accurate 
match icq of images con the front and oaci side of the 



■^c: 1 ici^t i'.,u ,.; • . ; lo permits calculation of the 
thickness variat ion of the specimen by determining the 
difference between the front and back topography maps 
Lt the specimen. Che calibration object is similar to 
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of circular raised features having relatively snail 
■diameters/pitches, such as on the order of 5 to 12 
millimeters, and covering both the front and bac.-: 
surfaces. Other patterns, pitches, ani spacings may 
5 oe employed as long as the precision of the measuring 
d e v i c e m a y b e d e t e r m i n e d . 

In upeictLiun, tne calibration object 175 is 
placed as shown in FIGs. IB and 1C and images of tne 
front surface and back surface obtained. The features 

10 or. the front and back surfaces of tne calibration 
object are measured and their locations are 
determined to within the desired accuracy. A spatial 
transformation is computed which maps the measured 
locations of the features to their actual locations. 

15 Tne wafer or specimen 111 is positioned in tne system 
as shown, with sufficient care taken to place the 
wafer or specimen 111 in an identical position to the 
calibration object 175. The specimen is then examined 
on both fr:>nt and back sides and the thickness 

20 variation determined by applying the same spatial 
transformation as for the calibration wafer 

FIG. it illustrates scanning be in sloes ol: a 

1 ..' , t n j Wd t -j r Ixi is m o u n t e d u s ... n q a r r x e a three p o r n t 
25 mounting arrangement as shown in FIG. 2. The three 
p o i n t mounting a r r a n q erne n t s e r v e s t o h o 1 d t h e w a f e r 
111 at. a relatively fixed position while 
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113 where detection and observation is performed. As 
may be appreciated by examining FIG. 1C, the diameter 
of both first collimatinq lens 112 and second 
col lima ting lens 113 are significantly smaller than 
5 the diameter of the specimen or wafer 111, and 
incident light strikes only a portion of the surface 
of wafer 111. Mot shown in the illust rati: n of FIG. 
1C is that while light energy is striking the surface 
0 f wa^-T ill visible in the arrangement shown, light 

10 energy simultaneously passes through first collimating 
lens 112 and strikes the reverse side of the wafer 
111, not shown in FIG. 1C. Light energy passes from 
the reverse side of the specimen 111 through second 
collimatinq lens 113. 

15 The arrangement further includes an upper damping 

bar 114 and a lower damping bar 115. In the 

arrangement shown in FIG. 1C, the upper damping bar 
111 ci'vers approximately one half of the specimen ill, 
specifically the half not being inspected. The effert 

20 of the damping bar is to damp the non-measured surface 
of the specimen 11 L to minimize the effects of 
vibratitn. Damping in this arrangement, is based on 
' / F j , or the Bernoul .1 i principle, wherein t he upper 
damping bar 114 in the arrangement shown is broight to 

25 within close proximity of the surface t: :> be damped. 
The proximity between either damping bar 114 or 115 
and the surface of the wafer is oreferab.lv l^ss than 



1 1 
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surface. For this reason, and depending on the wafer 
surface, gaps less than .10 millimeters are -generally 
undesirable. Further, gaps greater than 1.0 

millimeters do not. produce a desirable damping effect, 
as the Bernoulli principle does not result in 
sufficient damping m the presence of gaps in excess 
of 1 . 0 millimeter . 

The gap between the specimen 111 and upper 
damping bar 114 or lower dcimp inu bar ill restr i ct.s 
airflow between the specimen and the damping bar and 
oamps vibration induced in the specimen. Each damp in a 
bar is generally constructed of a stiff and heavy 
material, such as a solid steel member. Overall 
dimensions are important tut not critical in that tne 
damping bar should cover a not insignificant portion 
of the wafer 111. Coverage of less than 20 per cent 
of the wafer tends to minimize the overall damping 
effect on the wafer, but does provide some level of 
damping . 

The illumination of only a portion of the wafer 

111 perPiits use of smaller lenses than pre/_eousI/ 
known. In the emoodiment. shown ..n FIG. IB, the 
preferred size of trie first co.i 1 imat ir.q lens 112 and 
second collimating lens 113 is approximately 4.4 
inches where the wafer 111 is 300 millimeters in 
diameter. In such an arrangement, the damping bars 
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spheric, il or semisp>herieal contacts tangential to one 
another. Points 201, 202, and 203 are small clips 
ha vin ;t sphr : -r i ca 1 or semi -spher ica 1 tangent i al 1 y 
mounted contacts, mounted to a support plate such as 
5 mounting plate 110 to be substantially c-jplanar, with 
adjustable ::lips to provide for slight irregularities 
in the shape -of tne wafer 111. The spherical or 
semispher ical components should be sufficiently rigid 
but not excessively so, and a preferred material foi 

10 these components is ruby. The adjustability of points 
201, 2 02, and 20?. provide an ability to hold the wafer 
111 without a stiff -or hard connection, which could 
eoause bending or deformation, as well as without a 
loose or insecure connection, which could cause 

15 inaccurate measurements. In FIG. 1C, two lower 

kinematic mount points 202 and 203 (not sriown) support 
tne lower portion of tne wafer 111, while the upper- 
portion is supported by mount point: and clip 201. The 
points 201, 202 and 2223 are therefore stiff enough to 

20 mount tne wafer or spocnmen 111 and prevent "rattling" 
but not so st Lit o to distort the wafer. The 
spher..Ccil. or senisprorie al contact points are 

arts, particularly those familiar with mounting and 
25 retaining semiconductor wafers. The combination of 
co amp one: in th:s manner with the Bernoulli damp i no 
performed bv the damn in a bars 114 and lit s^rv^s ^ 
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of the current application. The entirety if 

P7T/EP/03881 is incorporated herein by reference. 
This imaging arrangement is illustrated in FIGs. 7 and 
3, and is employed m conjunction with the arrangement 
illjstrated and described with respect to FTG. 13 
herein. FIGs. 7 ano 8, as well as FIG. IF, are not to 
scale. As shown in FIGS. 7 and 3, the light ene re- 
directing apparatus employee in the current invention 
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10 The light emitted from the laser 801 is conducted 
through a beam waveguide 807. The light produced by 
the laser 301 emerges at an end 803 of the beam 
waveguides 802 so that the end 803 acts as a punctual 
light source. The emerging light strikes a deviation 

15 mirror 804 wherefrom it is redirected onto a 
eollimation mirror 307 in the form of a parabolic 
mirror by two further deviation mirrors 805 and 800- . 
Deviation mirrors 805 and 806 are oriented at an arule 
of 8j° relative to each ether. The parallel light beam 

20 ? reflected from the parabolic mirror 807 reaches a 
bean splicer 808 through the two deviation :r . r r r : 
805 and 300. 

The beam splitter 808 is formed as a first 
diffraction grating . The bean splitter 803 is 
25 arranged in the apparatus in a vertical direction <ind 
the parallel light beam ? strikes the dii:racc:or 
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1-vel and the light beams leaving these decol 1 imat i j:i 
lenses are each deflected and focused onto two 220 
cameras 31oA and 816B, through deviation mirror pairs 
8 12A and 812B, 8 1 3A and 813B, and 81 4A and 814B, and 
to an optical imaging system 12. 

The beam splitter 808 is supported transversely 
to the '.optical axis and further comprises a 
piezoelectric actuating element 817 for shifting the 
pras- of rhp parallel light beam ? by displacing the 
di f fraction grating . 

A holding device 830, for ex-ample the holding 
device disclosed herein and described with respect to 
FJGs, 1C, 2, and 3, is provided between the first 
di f f r act ion grating and the sec one di f f ract ion 
grating. Other holding devi :es may be employed while 
still within the scope of this invent ion, such as a 
support post. A wafer or specimen 809 to be measured 



surfaces 8 31 and 8 82? are arranged in vertical 
direction parallel to the light beam P. The wafer 802 
is supported by the support post substantially at its 
vertical eige 833 only so trial both surfaces 831 and 



post arid are freely accessible to the inter ferometric 
measurement; . 

Moreover, an optional receiving device (830, 825) 



the holding device 8 30 



that both plane 



s a b s t a n t : a ■ 1 y c t ; n t a c t. ■ a 



.sup par :.. 



mi ay be provided 
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tilting device 8 2 6 the wafer 8 09 m^iy be tilted from 
its horizontal position into the vertical measuring 
position, and the wafer 80: 1 may be transferred, by 
means )f a pi si t ionable traveller, into the light path 
5 between the first, diffraction grating and tr.e second 
d i . f f raet ion grating so that the surfaces 809 and 82o 
tii be measured are aligned substantially parallel t'» 
the undi f f racted light beam P and in a substantially 
vertio-i 1 d 1 rect ion . 

10 Furthermore, a reference apparatus 82 0 r.ay be 

provided which comprises a reference body 821 havino 
at least one plane surface 324. The reference body 
821 can be introduced into the light path between the 
first diffraction grating 808 and the second 

15 diffraction grating 810 in place of the semiconductor 
wafer or specimen 809 to be measured by means of a 
traveller 822 with a linear guide 818. The reference 
body 821 is held so that its plane surface 824 is 
arrang-d in vertical direction parallel to tne 

20 undif f raoted light beam P. The reference body 821 can 
oe turned by 18 2° in its mounting a round an axis 
parallel to its surface 824. 

In op e r - a t i c ) n t : ". e w a r e r o 1 s 0 e c i m e n 8 0 9 t o be 
measured is first; inserted into the wafer receiving 

25 device 825. The surfaces 83 1 and 832 are horizontally 
arranged. By means of the tolling device and of tne 
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partial light beams A, B, whereby the first order 
component of the partial light beam A having a 
positive diffraction angle strikes the one surface 8 51 
of the wafer 8 C 9 and rs reflected thereat. The first 
'■rder component of partial light beam E with a 
negative diffraction angle strikes the other surface 
5 32 of the wafer and is reflected thereat. The first 
order component of partial light, beams A and B each 
strike L 1 respective fiat, oi mirrored surface, where 
the first order component of partial light beam A 
strikes flat 8P1, and first order component, of partial 
light beam 3 strikes flat 852. The 0-th diffraction 
order of the parallel light beam P passes through the 
first diffraction grating 808 and is not reflected at 
the surfaces 831 and 832 of the wafer 809. This 
partial light beam P serves as references beam for 
interference wltn the reflected wave f rents of tne 
beams A and B. Each 0-th order beam is preferably 
blocked by blocking surfaces 823 ana 851. In the 
second diffraction grating 810, the beam collect ar and 
the reflected ft est order components :ji partial lignt 
beams A and B are each cr.bi.ned a 5a in with tne 
r-ierence oeam P : ind iocuse.i, in the ::orm cr two 
partial light beam? A -r P and P + F onto the focal 
planes of the CCD cameras 81 OA and 816P through 
decol 1 ima t i on lenses fill and deviation mirrors s 1 2 , 
Q 1 3 and ^14 as w^ M as r-^s i t- i v -- 1 ^ns-s Q - 1 ' . 
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patterns. The defined shift of the interference phase 
produced by the? phase shifter 817 is evaluated t :> 
determine whetner there is a protuberance or h 
depression in tne measured surfaces 331 an:I 832 the 
5 t. wo digitized phase patterns are subtract-d f •o om each 
other . 

A calibration using the reference body 821 may 
optionally be performed before each measurement of a 
w.nfer 80 9. The reference body 821 is introduced imoj 

10 the beam path between the first: diffraction grating 
808 and the second diffraction grating 810. The known 
plane surface 824 is measured. Subsequently the 

reference body 321 is turned by 180° and the same 
surface 82 4 is measured as a second surface. 

15 FIG. 3 illustrates tne measurement model without 

a wafer or specimen present. From Flo. 3, light 
source 301. initially emits light energy an;l is focused 
t<j strike first mirror surface 302 and second mirror 
surface 338 (not shown) . Each of these two mirror 

20 surfaces direct l_^ht energy through first collimating 
lens 112 (not; shown : n this view) and .iignt energy 
s t r i k c s t h o t w .:; s u r f a c e s of o p e c i me n ill ( a 1 s o r o o 
so --wo. 1 simultaneously. nicer sttir;rre; trie two 

surfaces of specimen 111, Light energy is directed 

25 through sesond collimating lens 112 (also not shown in 
FIG. 2) and to third mirror 8 04 and fourth mirror 30 5 , 
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arrangement, such as mulcip-le lenses, and a CCD or 
other imaging sensor. Other implementations of 

focusing element 306 and detector or sensor 307 are 
possiole while still within the scope of the current 
b invention. 

From FIG. 1C, the specimen 111 is mounted to 
three points, including point 201, which are fixedly 
mounted to mounting surface 116. Mounting surface 116 
may he fixedly mounted to translation surface 117. 

10 Either translation surface 117 or mounting surface 116 
is fastened to translation stage 008, which provides 
translation or sliding of the mounting surface 116 and 
specimen 111 within ana into the arrangement shown in 
FIG. 3. The arrangement may further include 

15 translation surface 117 depending on the application. 
Translation stage 308 permits the arrangement of FIG. 
IB, specifically wafer or specimen 111, points 20 1, 
203, and 20 3, mounting surface iiu, and translation 
surface 117, to moves up and down in a relatively 

20 limited range, as described teltw. In such an 

a r rangernent emp 1 oymq t reus la t oon su r to. cc 11'', the 
trans hat ion surface ana the noun* ing surface a hone 
wilt o r i e c v. .: n t a c t p l i i . ;.. s a :. e o j s ^ t i < a n e o w it h . : ■ t r : e 
measurement module 300, preferably by affixing the 

25 translation surface 117 to the translation stage 308. 
Specimen 111 is then physically located ue* ween 
damping oars 114 ana 115, as well as proximate damn 
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portion of the specimen 111 with acceptable results, 
tne translation stage 308 and ultimately the wafer are 
repositioned or translated such as by driving the 
translating stage 303 along track 310 such that 
5 another portion of the wafer 111, such as the 
remaining approximately half : :: specimen 111 is within 
the imaging path. The other portion of the wafer is 
then imaged, and both of the two sided images of the 
wafer surface a rp " s t i t c h e d" t o a e t: h e r . 

10 The damping bars may have varying size while 

still within the scope of the current invention, as 
discussed above. In FIG. 3, the damping bars are 
affixed to end pieces 310 and 311, out any type of 
mounting will suffice as Ion? as the gap spacing 

15 described above and the ability to perform scans on 
desired portions of the wafer is available. 

As may be appreciated, other means for presenting 
the remaining portion of wafer or specimen 111 may re 
employee, such as rotating tone wafer by hand by 

20 releasing contact with the points and rotating tne 
wafer manually. Alternately, a mechanical rotation of 
the specimen rray occur, such as by rotatably mounting 



117 wniie providing for two lockmci positions for thn 
25 mounting surface 110. In other wcrds, the arrangement 
of wafer 111, points 201, 202, and 20 3, and mounting 
surface lib would initially fixedly enoaoe translation 



mounting curtate 



*.. n e 
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perpendicular to translation surface 117. The wafer 
and associated hardware rotate 18 0 degrees to a second 
locking position, wherein the surface would lock and a 
second inspection scan would commence. During tn:.s 
5 rotation scheme, damping oars and impediments would oe 
mechanically or manually removed to prevent contact 
with mounting points 201, 202, and 203. The various 
oo>mponent s , particularly mounting surface 116, are 
size:! t r. ^r.rnrr-vr odate rotation within the measurement 

10 module 200 without contacting the translation stage or 
other nodule components. 

Alternately, scanning may be performed using 
multiple two-sioled inspections of the module, such ^s 
three, four, or five scans o: approximate thirds, 

15 quarters, or fifths of the specimen. While multiple 
scans require additional time and thus suffer from 
increased throughput , such an implementat i on cou Id 
provide for use of smaller optics, thereby saving on 
system costs. Numerous sub-aperture scans may be 

20 performed by a system sirrilar to that illustrated in 
FIG. 3 while sti^l within the scope of the current 
invent. i on . 

arrangement of the water or specimen 111. As may loo 
25 appreciated, in a two phase scan of a dual sided 
specimen, at least 5 3 per cent of the surface must be 
scanned in each ohase of the scan. 1^ is a^ua: v 
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initially, shown as portion A of the surface 111. 
Portion B is obscured by one of the damping bars. 
After the initial scan phase, the specimen 111 is 
rotated manually or mechanically to the position 
5 illustrated in FIG. 4B. Approximately bb per cent -of 
the wafer surface, both front and back, are scanned 
during this second phase. This provides an over lap of 
five per cent of the wafer, and comparisons between 
these overlap portions provides a ref eiciiic-j hi 

10 stitching the sums together. In FIG. 4B, the A 
portion of the wafer is obscured by the damping bar. 

Alternately, as in the arrangement shown in FIG. 
3, the wafer or specimen 111 may be translated 
vertically and two or more separate scans performed. 

15 As shown in FIGs. oA and 5B, a portion of the wafer 
111 is positioned between two damping bars, such as 
damping bars 114 and lit, and the portion marked "3" 
in FIG. bk is scanned. As shown therein, greater than 
per cent of the specimen 111 is scanned so that the 

20 overlapping portion may be stitched with the second 
scan. Af^er the initial scan, the wafer is 4 r-<. i : - \ 
: o a p o s 1 1 i o n a o s h o w n in VIZ. b 3 . P o r t .1 o n " A" of 



cf the two scans are then stitched to-gether to provide 
a full, representation of the surface, anoi aaain su^h a 
scan is dual -sided. 



covers 



muoh of 



se it ion 



B. 



The ove flapping portions 
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Note that due to measurement setup, an arbitrary 
piston or DC offset and tilt will be applied to each 
of the measurements, indicating that some correction 
is required prior to or during stitching no obtain a :i 
5 accurate surface representat i :<n. 

FIG. 6 illustrates a general scanning and 
stitching algorithm for use in accordance with the 
invention described herein. The algorithm begins in 
st. ep o U 1 and performs the first scan m ^tt;p o02, cio 

10 well as determining the piston and tilt of the 
specimen 111. The algorithm evaluates whether too 
scan is acceptable in step 60 3, either performed by an 
operator actually evaluating the scan or a mechanical 
cempa r i son with a known or previous scan. If the scan 

10 is acceptable, the algorithm proceeds to step 604 
where the wafer is repositioned to the next location. 
If the scan is not acceptable, the wafer is re scanned 
in its original posit bin. Piston and tilt may bo 
recomputed, but as the wafer has not moved this is not 

20 necessary. -Once the wafer has been repositioned in 

+ . ^ c r, i r- 1 , u ^ n +- , , ~ ~. *- ' - .- .~ c - ^ *- . " ' 

c . r r k. u ^ 't , a o u k_ o <:r o u c; i j l uaii l u c: . i w i i i ; r v J i i i i t : l j r ) . ' > 

and the tilt and piston computed fcr the new 

evaluated in step 60*:, and if unacceptable, the scan 
25 performed again. The piston and tilt again do not 
need to be recalculated. Once the scan in 

mechanically or visual I v deemed : - - <• . ^ . ♦• p } . ■> t ^h f - j 
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scanned, the algorithm sets x equal to one and y equ.ro. 
to 2 in step 608. In step 60 9 the system alters scan 
x for tilt ana piston and separately alters scan y for 
its respective tilt and piston. At this point scans :>: 
a rid y are neutrally positioned ana may be stitched 
together. Step 610 is an optional, step of performing 
an add it iona 1 stitching procedure . Add it ion a 1 

stitching procedures include, but are not limited to, 
curve fitting the points b if v; ion the overlapping 
portions of the two scans using a curve fittin:? 
process, replacing overlapping pixels with the average 
of both data sets, or weighting the averaging .in the 
overlapping region to remove edge transitions by using 
a t raperooidal function, half cos in- function, or other 
s imi la r mathematical f unoc ion . Background references 
are preferably subtracted to improve the stitching 
result. If significant matching between the scans is 
unnecessary, such as in the: case c-f investigating for 
relatively large defects, simply correcting for tilt 
and piston may provide an acceptable result, and step 
610 need not be per^ormeo. However, in mos~~ 

circumstances, seme type of curve fitting or o:an 
nice:.;.;.,: . .;. necessary. Scans are matinee and sr. itched 
in step 611. Such st.it ihinq algorithms should 

preferably be performed using a computing device, such 
as a mi c roj; roces s or r not. shown) . 

St en 612 evaluates whether t_ h^ c^mrdef^ wif^r~ hi- 




Attorney Docj^^ 



812 C- 8 24 62^8 



Based :>n the disclosure presented above and in 
particular in connection with that shown in FIG. 1, 
the wafer 111 is generally repositioned while the 
inspection energy source ana optics remain fixed. 
5 While this implementation provides distinct advantages 
in setup time for performing multiple dual-sided wafer 
scans, it is to be understood that the Light source 
and associated optics and detector may be slidably or 

Y~ .-, 1~ 3 1- ~ r.-n 1 1 \T m,-\i^f r -J t , U -I 1 ^ 4~ U ^ _ . .. _ r • 

^ _. w ^ ._ _ j_ j. mvLniL^u "line li.c wa..tri im.lclins J. lAtiU. 

10 In the configuration illustrated in FIG. 3, source 
3("U, support elements 310 and 311, damping bars 114 
and 115, damping bar 309, the four mirrors 302, 303, 
3u4, and 305, focusing element 306, and detector 307 
may be mounted to a single surface and fixedly 

15 positioned relative to one another, and translated or 
rotated about the wafer. Alternately, the components 
m--jy be translated either together or individually to 
perform subsequent scans of trie wafer or specimen ill. 
While the invention nas been 'described in 

20 cinnection with specific embodiments thereof, .t will 
b- understood that the invention is capable of r'urther 
m< olif ications . This application is intended t.c sever 
a: -Y variations, uses or adaptations of toe iiventio.-i 
f(l lowing, in general, the principles of the: 

25 invention, and including su:h departures from the 
present disclosure as come within known and customarv 
practice within the art t^ which the 



